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Studies for Students. 



PHYSICAL GEOGRAPHY IN THE UNIVERSITY. 1 



The logical method in geography. — Success in the study of 
geography, as in other subjects, depends largely on the share of 
mental light with which the facts are illuminated. For example, 
during the two weeks in which my class in physical geography 
has recently been occupied with the tides, a long roll of trac- 
ing linen has been hanging on the laboratory wall, containing 
copies of a half month of tidal curves at Honolulu, Boston, 
Philadelphia, Port Townsend (Oregon), and Point Clear, on the 
Gulf of Mexico. The essential facts of tidal oscillation are thus 
exhibited with great clearness, thanks to the kindness of Mr. 
Christie, of the U. S. Coast Survey, by whom the original records 
were selected, and under whose direction the copies were made 
for me. While these curves were illuminated only by the 
light that came in through the laboratory windows, the facts 
were but imperfectly perceived. The more peculiar variations of 
the curves involved in the diurnal inequality of tidal amplitude 
and interval could not be discovered by eyesight alone, at least 

1 Note. — Although it was the author's intention to prepare this essay for publica- 
tion as one of the " Studies for Students" of this Journal, it has been unconsciously 
addressed as much to teachers as to scholars. This is perhaps excusable because of 
the little attention generally paid to physical geography in our colleges. The chief 
object of the essay is to present the plan of the author's course in this subject, with the 
hope that it may be tried by others, and modified or extended as experience shall 
advise. It may be added that a selected list of our governmental maps of use in 
teaching has been prepared by a sub-committee of the Conference on Geography of 
the National Educational Association, and that its publication may be expected at an 
early date ; that a list of grouped sheets of foreign topographical surveys, with descrip- 
tive notes, is in preparation by the author, and that a list of selected photographs and 
lantern slides is in contemplation. With these aids it will be easier than it now is to 
experiment on systematic geography in the universities. W. M. D. 
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not by the simple eyesight of such observers as are found among 
average college students. But during the same week that the 
class was examining these tidal tracings in the laboratory, and 
thereby gaining an approach to a simple inductive knowledge of 
the principal facts of the subject, the problem was taken up from 
the other side in lectures, which discussed the theoretical conse- 
quences of the interaction of two bodies, and deduced from the 
theory of gravitation a number of special results that ought to 
occur if the theory of the tides is correct. As an aid in this 
deductive discussion, I placed three great circles of paper around 
a globe, so as to represent the theoretical arrangement of the 
tidal equator, and high tide circle and the low tide circle, and 
their relations to the latitude circles of the earth. Now, return- 
ing to the tidal diagrams with the results of the tidal theory in 
mind, it is only the poorly trained, the dull, or the stolid "stu- 
dent" who feels no mental satisfaction in the successful meeting 
of the facts of observation and the consequences of theory. 
Facts before noted, but not understood, now gain meaning ; facts 
before disconnected now fall into their natural relationships ; 
facts before unnoticed are now searched for and found, and won- 
der is even excited that they were not seen sooner. Neither 
induction nor deduction alone satisfies the mind. However full 
the series of facts, however extended the deductions from the- 
ory, both facts and deductions are of small value while they 
remain unmated. Properly confronted, they pair off and each 
one reacts on its mate most favorably. If the facts are well 
observed and recorded, if the theory is justly based and logically 
extended to its consequences, the inductions and deductions 
mutually complete each other, and the mind is satisfied. The 
window light then seems a dull illumination of the tidal tracings 
compared to the light that shines on them from the under- 
standing. 



As with the tides of the ocean, so with the forms of the land. 
They are but half seen if examined only by daylight. They are 
less than half appreciated if seen without an understanding of 
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the generalizations by which they are correlated. The more 
complete the mental scheme by which an ideal system of topog- 
raphy forms is rationally explained, the more clearly can the 
physical eye perceive the actual features of the land surface ; the 
more definitely can it record them in mental impressions. Topo- 
graphical forms are so varied, and often so complicated, that the 
outer eye alone is no more competent to detect all their intrica- 
cies and correlations than to discover all the peculiarities of the 
tidal curves. It is true that with exceptionally keen powers of 
observation, and with unusual opportunity for deliberate exami- 
nation, the unaided eye may come to see more and more of the 
ultimate facts ; but these conditions are so rare that they need 
not be considered. The average eye, and the usual time allowed 
for observation do not suffice ; they must be supplemented by 
the quickened insight that comes from rational understanding. 

No better confirmation of this conclusion can be found than 
in the experience of those who have to employ engineers, 
untrained in geology and geography, to make topographical 
maps. The work that such surveyors produce is rigid, mechan- 
ical, unsympathetic, inaccurate, inexpressive. If time were 
allowed them to run out all their contours by actual measure- 
ment, an exact map might be produced ; but neither time nor 
money can be devoted to so slow and expensive a method. Even 
the best surveys are necessarily sketched in great part ; and the 
topographer must appreciate his subject before he can sketch it. 
He must have a clear insight into its expression ; his outer eye 
must be supplemented by his inner eye. Then he can make up 
a valuable, even though not an expensive, map. I do not mean 
for a moment that he is to invent and not to observe ; that he is 
to make a fancy picture instead of a true likeness. My point is 
simply that the difficulty of making a true likeness is so great 
that all aids towards it must be employed ; and one of the chief 
aids to sharp outsight is clear insight. How can a clear geo- 
graphical insight be gained ? 

An analogy with the study of the tides may still serve us. 
The facts of the tides are first presented in what seems like a 
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bewildering, even an overwhelming, variety, without suggestion 
of order or meaning. While these facts are studied and classi- 
fied, let the system of the tides be deduced in accordance with 
accepted physical laws. Let the tidal theory be followed far 
enough to discover consequences so numerous and so intricate 
that they cannot be imitated by chance. Neither the inductive 
nor the deductive work should have precedence. They should 
advance together, but without confusing one with the other. 
When both processes are well advanced, let the facts be reexam- 
ined in the light of the theory, and summon a critical judgment 
to determine how far the reports of outsight and insight agree. 
Success in such study requires that the facts shall have been 
closely observed, clearly described, and fairly generalized ; the 
inductive results thus gained being held apart by themselves. It 
requires, also, that the theory shall have been logically extended 
to its legitimate consequences ; the deductive results thus secured 
being stored away in a special mental compartment. Then, 
in due order, bring forth the corresponding members of the two 
classes of results, and judge of the success of the theory by the 
agreements thus discovered. 

Let the same method be applied in the study of geography. 
Set an abundant array of facts before the class in the laboratory. 
Let the facts be examined and classified as far as possible, simply 
according to their apparent features and without regard to expla- 
nation. At the same time, present an outline of a deductive 
geographical system in the lecture room. During the advance 
of the two lines of work, compare their results frequently, but do 
not confuse them. In a few months a large array of facts may 
be examined, an extended deductive system may be developed, 
and the two may be compared in the most thorough manner. 
Every comparison aids further advance in both parts of the work. 
Both outsight and insight are cultivated. A geographical under- 
standing, based on a proper combination of many mental facul- 
ties, is aroused and strengthened. The real study of geography 
is well begun. The several steps involved in this plan of work 
may now be traced in some detail. 
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Introductory illustration of facts. — It is well at the outset to 
present a collection of varied geographical illustrations, in order 
to bring prominently before the mind the great variety of the 
facts with which we have to deal. At the same time, a prelimi- 
nary exercise is gained in the interpretation of different means 
of geographical representation. The following list will serve to 
indicate the class of materials from which selection may be made 
for a first week's laboratory work : 

Heim's model of an Alpine torrent ; Harden's model of Mor- 
rison's Cove, Penn., or a photograph of this model, or of Bran- 
ner's model of Arkansas ; Jackson's photograph of the deep 
valley of the Blackwater in the plateau of West Virginia ; 
Holzel's oleograph of the Hungarian plain ; Becker's elabo- 
rately colored and shaded relief map of the Canton Glarus, 
Switzerland ; a group of contoured map sheets, as the twelve that 
embrace the Berkshire plateau and the Connecticut valley in 
western Massachusetts, mounted as a wall map for better con- 
venience in study ; a hachured map, such as that of the Scotch 
Highlands, in a group of sheets of the British Ordnance Survey, 
also mounted as a wall map ; a tinted relief map, as of New Jer- 
sey, from the topographical atlas of that state, etc., etc. 

The need of the systematic study of geography is apparent 
from the difficulty that most students have in expressing the facts 
portrayed in these various illustrations. Words are not easily 
summoned to describe them. Many of the illustrations are on a 
much larger scale than is commonly employed in atlases, and the 
ordinary accounts of direction and distance usually employed 
in describing similar maps, are at once felt to be insufficient to 
express the varied reliefs here exhibited. How can the student 
best approach a perception and an understanding of the facts 
before him and at the same time gain an ability to describe them 
in fitting language ? 

Insufficience of inductive study. — The ordinary fund of geo- 
graphical terms does not suffice to describe good maps and mod- 
els with sufficient exactness. Further than this, a few questions 
from the instructor will show that many facts plainly set forth 
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are not seen at all. Interpretations and correlations are not even 
suspected. This is perfectly natural when it is remembered that 
most college students have never been taught to observe closely 
or to express themselves clearly in well chosen words. It is 
still more natural when it is remembered that the little knowl- 
edge of geography that they have brought from school is hardly 
more than a confused memory of an unsystematic, empirical text 
book. Whether their observation is directed to the semblance 
of facts in maps, views, and models, or to the actual facts of out- 
door nature, observation is attempted only with the outer eye ; 
the inner eye has never been opened. The idea that all the 
forms of the land are systematically developed has never been 
implanted in their minds. They possess no general and well 
tested deductive understanding of the development of land 
forms, no system of terrestrial morphology. The facts of obser- 
vation excite no harmonious response from the corresponding 
members of a deductive geographical scheme. 

While the study of geography remains in this incomplete and 
illogical condition, it is a blind study, although it is carried on 
chiefly through the eye. While the life of the features of the 
earth's surface is not perceived, geography is a dead study. The 
features of the land that the outer eye sees will awaken no suf- 
ficient sympathy in the understanding until the scientific imagi- 
nation has deduced a whole system of geography, filled with 
mental pictures of all kinds of forms in all stages of develop- 
ment, among which the report from the outer eye may find its 
mate. However faithfully mere observation is carried on, the 
impression on the retina might as well be the record on a photo- 
graphic plate, as far as appreciative insight and understanding 
are concerned. Let us therefore strive to complete a deductive 
geographical scheme, even as we strive to complete our deduct- 
ive tidal scheme, until it shall at last be ready to meet not 
only all the actual variety of nature, but all the possible variety 
of nature. Only when such a scheme as this is well advanced is 
the student ready to appreciate the materials presented in the 
laboratory work. The maps and models shown in the first week 
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are therefore repeatedly introduced with others in the systematic 
advance of the course ; and the student may gauge his progress 
by the increased meaning that these illustrations gain on every 
return. 

Let us next consider the development of a deductive geo- 
graphical scheme, by which external observation is to be supple- 
mented and completed. Let it be understood at the outset that 
to exceed the variety of nature is an extended enterprise, a 
remote and ideal goal, towards which we strive. Let no exces- 
sive flight of theory carry us far from the earth and overcome us 
in mid-air. Let us carefully guard against an unwarranted wan- 
dering of the imagination by frequent conferences with the facts 
of observation, hoping to return, like old Antasus, strengthened 
for new efforts after every touch of Mother Earth. 

The deductive geographical scheme. — It is the fundamental 
generalization of elementary geology to note that the lands are 
wasting away under the destructive attack of the weather. The 
hardest rocks decay ; their waste creeps and washes down to 
lower and lower levels, never satisfied till it reaches the sea. 
However broad a plateau, however lofty a mountain range, it 
must, if time enough be allowed, be worn down to sea level 
under the weather ; and the unceasing beat of the sea on its 
shores must reduce it still lower to a submarine platform. Since 
the remote beginning of geological time there has been time 
enough and plenty to spare to reduce all the lands to such a 
submarine platform ; but as high lands still exist, it must be con- 
cluded that they are revived from time to time and from place 
to place by some forces antagonistic to those of subaerial denu- 
dation. In whatever way a new mass is offered to the wasting 
forces, let us call the forces that uplift it constructional forces ; 
and the forms thus given, constructional forms. Let all the 
forces of wasting be called destructional forces ; let the sea level 
surface, down to which a sufficiently long attack of the destruc- 
tional forces will reduce any constructional form, be called the 
ultimate baselevel ; and let the portion of geological time 
required for the accomplishment of this task be called a geo- 
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graphical cycle. Construction, destruction, baselevel and cycle 
are our primary terms. A full understanding of the destruc- 
tional processes requires deliberate study of mineralogy and 
lithology, chemistry and structural geology ; a good understand- 
ing of constructional forces and processes has not yet been 
gained, but a review of the advance made towards it carries the 
student through a wide range of geological theories, in which 
physics and mathematics are continually appealed to — perhaps 
sometimes with too great a confidence in the applicability of 
their conclusions concerning an ideal earth to the case of the 
actual earth. 

If the cycle of destructive development is not interrupted, 
any constructional form will ultimately be reduced to a monoto- 
nous baselevel plain of denudation. This is a broad abstract 
statement. It is simply the first framework of the geographical 
scheme. It is a mere sketch in faint outline, needing all manner 
of finishing before its full meaning can be made out. It must 
be filled in by the gradual addition of details. The first step 
involves the recognition of the systematic sequence of topo- 
graphic forms produced during the accomplishment of the 
destructive work. This should be considered before classifying 
the various kinds of constructional forms on which the destruc- 
tional processes begin their tasks. Whatever constructional form 
exists at the beginning of the cycle, there is a certain general 
succession of features common to nearly all cases of geograph- 
ical development. The understanding of this succession calls 
for the study of river systems and the general drainage of the 
land under their guidance ; because it is so largely under the 
control of these processes that the destructive forces do their 
work. 

Constructional drainage. — At the beginning of a cycle, there 
are relatively broad, massive forms, on which the carving of the 
destructive forces has made no mark. The unconcentrated 
drainage, or wet-weather wash, takes its way down the steepest 
slopes of the constructional surface, until the supplies from either 
side meet obliquely in the trough lines, forming constructional 
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streams ; these unite, forming constructional drainage systems. 
If the trough lines are systematically arranged, as among the 
corrugations of mountain folds, the initial drainage system is 
definitely located ; if the trough lines are faintly marked and 
lead irregularly about, as on the nearly level surface of a plateau, 
the drainage is essentially vague and unsystematic. If the gen- 
eral descent of the trough lines is here and there reversed into 
ascent, lakes are accumulated in the basins thus determined ; 
and this is very common. If the descent of the trough lines is 
locally intensified, constructional falls or rapids are developed, 
but this is relatively rare. 

Consequent drainage. — The constructional streams run down 
their troughs, carrying along the waste that is washed into them, 
and trenching channels beneath the initial constructional surface ; 
or filling constructional hollows ; that is, degrading or aggrad- 
ing their course, as the necessities demand. As soon as they 
thus depart from their initial constructional arrangement, they 
may be called consequent streams. It is true that the construc- 
tional phase of a drainage system endures only a moment ; 
yet it seems advisable to recognize this phase by employing 
a- special name for it, before introducing the term, conse- 
quent, which indicates the much longer phase that next fol- 
lows. At least, I am for the present experimenting on these 
two terms with my classes, and find them of value. As long as 
a stream flows on a line that is essentially the perpetuation of 
its original constructional course, it may be called a consequent 
stream ; the trench that it cuts and the valley that is formed 
by the widening of the trench may be included under the name, 
consequent valley. Constructional features are encroached upon 
as the consequent features make their appearance. A con- 
structional lake decreases in size by filling at the inlet and 
cutting down at the outlet ; while thus dwindling away, it is a 
consequent lake. A fall or cascade recedes from its initial 
constructional position ; but as long as it endures it is a conse- 
quent fall. 

Subsequent drainage features. — As the consequent streams 
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deepen their valleys beneath the constructional surface, it often 
happens that they discover structures of unequal hardness. If, 
in passing down stream, a weak structure succeeds a hard struc- 
ture, the valley will be quickly deepened in the former and 
slowly in the latter ; a local increase of slope appears and a fall 
or cascade is the result. This is a subsequent fall on a conse- 
quent stream. It endures until the harder structure is worn 
down or back so far that it overtakes the deepening of the stream 
bed below the fall. The extinction of falls is accomplished in 
adolescence on large streams and on tilted rocks ; but it may 
not be reached until maturity on the smaller streams in regions 
of horizontal strata. 

A further consequence of the discovery of the variable 
resistance of internal structure is the variable rate at which the 
narrow young consequent valley widens into the more mature 
open valley. If the consequent stream crosses a local trans- 
verse belt of hard rocks, the gorge-like form of the valley walls 
may there be retained into the maturity of the region as a whole. 
If it crosses a belt of weak rocks, the consequent valley may 
there widen so greatly as to develop other valleys on either side 
of its path. Thus many a transverse consequent stream, cutting 
its valleys across belts of harder and softer structures, allows the 
development of longitudinal valleys on every belt of weak struc- 
ture that it traverses, while the intermediate belts of harder 
structure stand up as longitudinal dividing ridges. The longi- 
tudinal streams and valleys are then called subsequent branches 
of the transverse consequent streams and valleys. Each 
of the subsequent streams deepens its valley only as 
fast as the down-stream deepening of the consequent valley 
permits. 

It is extremely important to recognize the difference thus 
indicated between consequent and subsequent streams. The first 
control the drainage of a region in its early stages of develop- 
ment. The second are of increasing importance in the secondary 
and later stages of growth, when they share the drainage of the 
region with the surviving consequent streams. Subsequent falls 
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frequently appear on consequent streams, but they are rare on 
subsequent streams. 

It is manifest that the development of subsequent streams 
will progress to the greatest extent in regions of disordered and 
complicated structure, in which the attitude of the rocks is 
varied, and in which contrasts of hardness are well marked. 
Such is the case in mountainous regions. On the other hand, 
regions of horizontal structure have no normal subsequent 
streams. All the branch streams are either perpetuated con- 
stant streams, or else they are developed under accidental con- 
trols, of which no definite account can be given. It is to these 
self-guided streams that McGee applies the term, autogenetic. 

Divides. — The constructional divides waste slowly and become 
consequent divides. They are well defined in a region of dis- 
tinct constructional relief ; they are vague or practically absent 
on the even surface of young plains, where the drainage areas 
are really undivided. As subsequent streams develop, especially 
in regions of tilted structure, they frequently split a consequent 
divide, and make two subsequent divides between which lies the 
growing subsequent valley. As the subsequent divides are split 
further and further apart, lateral subsequent streams are devel- 
oped down the internal slopes of the subsequent valley ; and 
these are in headwater opposition to the lateral streams on the 
diminishing slopes of the adjacent consequent valleys. During 
changes thus produced in the position of divides, they migrate 
by slow creeping as long as the competing streams are in head- 
water opposition ; but if, as sometimes happens, the head of an 
encroaching subsequent stream pushes its divide back until it 
cuts into the side of a consequent stream, then the divide leaps 
around the consequent headwaters above the point of capture, 
and a considerable area that had been tributary to the captured 
stream is suddenly transferred to the capturing stream. 

A limit of these re-arrangements is gradually approached. 
The persistent consequent streams and the successful subsequent 
streams come to an understanding about their drainage areas. 
The divides as well as the streams are then maturely adjusted to 
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the structures on which they are developed ; and thenceforward 
further change is slow. 

Stream profiles. — Let us next examine the changes produced 
in the initial profile of the troughs where the first constructional 
streams settled. The irregularities of constructional profile which 
determine lakes and falls are in most cases soon extinguished. 
The profile of a consequent stream may for a time possess 
unequal slopes at its subsequent falls, but it soon attain- 
a tolerably systematic curve of descent, steeper near the head- 
waters, flatter near the mouth. While the young stream has 
abundant fall and rapid current, with moderate load delivered 
from the relatively simple constructional and consequent slopes of 
its basin, it deepens its trench rapidly. But as the profile becomes 
flatter and the current runs slower, and as the area of wasting 
slopes increases by the deepening of the consequent valleys and 
the development of subsequent valleys, a time will soon arrive 
when the carrying power is reduced to equality with the load ; 
and from this time on the deepening of the valley is very much 
slower than before. It is only as the load from the wasting 
slopes decreases in amount that the deepening can go on. Follow- 
ing certain French writers, the profile of the stream when this 
balanced condition is reached has been called theprofile of equilib- 
rium. The term is inconveniently long ; but the idea is of essential 
importance. Mr. Gilbert has recently suggested to me that a 
stream in this condition of balance between degrading and 
aggrading might be called a graded stream; and its slope, a 
graded slope. 

It is sometimes said that streams in this condition have 
reached baselevel ; but this introduces a confusion of ideas 
that should be avoided. For example : given two constructional 
areas of similar form and altitude, and under equivalent climatic 
conditions ; but let one be made of resistant rocks, and the other 
of weak rocks. The baselevel is the same for both. The 
streams will cut deep into the harder mass, producing strong 
relief before reaching an equilibrium profile ; because its waste is 
shed so slowly that the streams can carry it on a faint slope. 
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They can cut only shallow valleys in the weaker mass, for its 
waste will be shed so rapidly that a steep slope is needed by the 
streams to carry the waste away. The contrast between the two 
areas is strengthened if the region of harder structure has a 
plentiful rainfall, and the region of weaker structure has a light 
rainfall. All of these points of difference are with difficulty 
stated, if the streams are said to have reached baselevel when 
their carrying power is reduced to equality with their load. 

In certain cases, it seems to be possible for a stream to cut 
down its profile to a gentler grade in its early adolescence than 
is suitable to later adolescence and maturity. If we conceive 
that the load offered by the waste from the valley slopes con- 
tinues to increase after the grading of the stream has been reached, 
then the grade must be steepened again by the deposition of 
the excess of load ; thus increasing carrying power and decreas- 
ing load, and maintaining an equilibrium. Local examples of 
this relation are often seen in valleys among mountains, where a 
lateral stream is depositing an alluvial fan in the larger valley 
that it enters. The larger valley was deepened before the lateral 
valley had gained a considerable area of wasting slopes ; but as the 
lateral valley grows headwardsand discharges an increasing volume 
of waste, it cannot all be carried by the main stream, and hence 
the main valley is clogged up, and its grade is somewhat increased. 

Stages in the cycle of geographic development. — Following the 
terminology of organic growth, it is convenient to speak of the 
successive stages in the geographical cycle as infancy, youth, 
adolescence, maturity, old age, and perhaps second childhood. 
Let us consider particularly the activities of the drainage system 
as determined by the topographic form of a region in its differ- 
ent stages. 

In infancy, the rainfall is slowly concentrated from the broad 
constructional surface ; it is only gradually collected into streams ; 
it is often delayed in lakes. Much of it is lost by evaporation, 
and the ratio of discharge at the river mouth to rainfall over the 
river basin is relatively low. The initial streams simply adopt 
the courses offered to them, without the least consideration or 
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foresight regarding the difficulties that these courses may involve 
in the process of valley-trenching. The load that they have to 
carry is relatively light ; being only the waste that creeps and 
washes down the broad constructional slopes, under the guidance 
of the unconcentrated drainage. 

In youth and adolescence, the drainage lines are increased in 
number and greatly improved in their ability to gather and dis- 
charge the rainfall quickly. Numerous little trenches are incised 
in the broad constructional surface, and the distance that the land 
waste washes and creeps under the guidance of unconcentrated 
drainage is much lessened ; delay in lakes is decreased ; the 
steep lateral slopes of the young consequent valleys furnish an 
increasing amount of load to the streams, although they still as 
a rule have carrying power to spare in their impetuous currents. 
A good beginning is made in the search for the best location of 
subsequent streams. As the subsequent streams are better devel- 
oped in later adolesence, the original broad constructional forms 
are minutely carved, many subsequent divides are established, 
the discharge of rainfall is very prompt, and the load of waste 
that the streams have to carry is notably increased. 

In maturity the relief retains much of the intensity of adoles- 
cence, and adds thereto a great variety of features. The valley 
lines are closely adjusted to the structure of the region, this con- 
dition having been gained by a delicate and thorough process of 
natural selection, in which the most suitable drainage lines sur- 
vive, and the less suitable ones are shortened or extinguished. 
The impetuosity of youth has disappeared ; all the larger streams 
have developed grades on which their ability to do work is nicely 
adjusted to the work that they have to do ; the lower courses 
already show signs of age, while the upper twig-like branches 
are relatively youthful. The whole drainage system is earnestly 
at work in its task of baseleveling the region, and the forms 
that the region has assumed bear witness to the close search 
made by the streams for every available line of effective work. 

From this time onward, there is a general fading away of 
strength and variety, both of forms and activities. The deepen- 
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ing of the valleys progresses even slower than the slow wasting 
away of the hill tops ; the relief fades" ; the load offered to the 
streams lessens. The rainfall slowly decreases as a normal con- 
sequence of decrease of altitude ; the ratio of river discharge to 
rainfall decreases ; the small headwater branches shorten and 
dwindle away ; the close adjustment of stream to structure is 
more or less lost, especially by the larger rivers, which meander 
and wander somewhat freely over the peneplain of denudation. 
Extreme old age or second childhood is, like first childhood, 
characterized by imperfect work ; activities that were undeveloped 
in the earlier stage having been lost in the later stage. 

All this should be so carefully imagined and so frequently 
reviewed that the orderly sequence of changes may pass easily 
before the mind. The mind should come to be in so close a sym- 
pathy with the progress of the cycle as to forget human measures 
of time and catch instead the rhythm of geographical develop- 
ment; even to the point of almost wishing to hurry to one place 
or another where some change of drainage or of form is immi- 
nent, for fear of failing to be in time to see it in its present stage. 

Shore lines. — While the subaerial forces are denuding the sur- 
face of the land, the waves are beating on the shore and reducing 
the land mass to a submarine platform. They begin their work 
on a level line, contouring around the slope of the land mass as 
it is offered to them. The contour is simple if the sea lies on a 
rising sea bottom, evenly spread over with sedimentary deposits ; 
the contour is irregular if the sea lies on a depressed land, more or 
less roughened by previous denudation. The waves of a great 
ocean work rapidly on a leeward shore, especially if it has a steep 
slope and if its rocks are not too hard : but if the descent to 
deeper water is very gradual, the waves may for a time spend 
their force chiefly on the bottom, building off-shore bars with the 
material they gather up, and thus deepening the water outside of 
the bars for a better attack on the land later on. The shore line 
is generally simplified, as the attack advances, but it may for a 
time become more irregular if the waves are strong and the land 
structure is of diverse resistances. Its changes deserve as care- 
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ful an analysis as is given to the forms of the land ; but they 
cannot be traced here for lack of space. 

Illustrations of the deductive scheme. — However much the advance 
of a deductive scheme of study may be aided by reference to con- 
crete illustrations during its progress, its statement should be 
abstract, in order to emphasize the essentially deductive side of the 
study. It is difficult to follow such a method without artificial aids. 
Hence, in discussing the theory of the tides, a model of certain 
theoretical tidal circles was introduced for the convenience of 
definition and argument. It was found to be an effective aid in 
reaching certain geometrical consequences that follow from the 
rotation of the earth on an axis that is not coincident with the 
axis of the tidal circles. This model was an illustration of the 
same order as the diagrams employed in text-books on geometry. 
In the same way, a series of some thirty rough paper reliefs, con- 
structed several years ago to illustrate a course of lectures to 
teachers under the auspices of the Boston Society of Natural 
History, are introduced to aid in giving clearness to the concep- 
tion of the geographical scheme. They are roughly made ; hardly 
better than blackboard diagrams, except in having three dimen- 
sions ; yet they certainly serve a good purpose as aids in follow- 
ing deductive statements. Being two or three feet in length and 
yet light enough to handle easily, they are frequently brought 
into the lecture room, although they are used chiefly in the labo- 
ratory, where they can be examined and described deliberately. 
Nearly all the points thus far mentioned are illustrated in one way 
or another by these models ; but I can here give account of only 
a few of them. 

While occupied with the first considerations of the cycle and 
its systematic variations of relief, both in intensity and variety, 
use is made of three simple models, which are found to be of 
particular value in fixing the fundamental ideas. The first shows 
a broad upland, traversed by a main river with a few branching 
streams, all in valleys of the canyon type. The form of the 
second is well diversified, there being about as much of lowland 
in its wide open valleys as there is of upland on its well separated 



82 THE JOURNAL OF GEOLOGY. 

hills. The third is a broad lowland for the most part ; but low 
hills rise above the general level near the headwaters of the 
streams. The main river has essentially the same course in all 
three models and there is a manifest relation in the position of 
the streams and interstream hills of the series, plainly showing 
genetic relationship. The three models are different forms of 
the same region at certain stages in its cycle of develop- 
ment. Exercises are held in the simple description of these 
forms, and of other forms that might be interpolated in the 
series. It is suggested that the duration of a cycle should be 
divided into a hundred equal parts, and that the stages occupied 
by the three models should be designated by appropriate numbers. 
After some discussion, it is agreed that they may be represented 
by five, twenty and forty ; thus impressing the idea that maturity 
is reached long before middle life ; and that the passage through 
old age is extremely slow compared to the advance from youth 
well into maturity. These exercises are accompanied by others 
in which illustrations of actual geographical forms are presented, 
as will be explained later ; but it is important that the 
different character of the two should be clearly kept before the 
mind. 

Complications of the simple scheme. — The difficulty of finding 
examples of actual forms in the various stages of development of 
a single cycle suggests that the departures from the ideal uninter- 
rupted cycle should be examined. These are of two kinds, which 
I am accustomed to call accidents and interruptions. Such depar- 
tures as do not involve a change in the attitude of a land mass 
with respect to its baselevel may be classed under the first head- 
ing as accidents ; those which do involve a change with respect 
to baselevel will fall under the second heading of interrup- 
tions. 

The most important accidents are climatic and volcanic. Cli- 
matic accidents include changes from humid to arid, and from 
cooler to warmer conditions, independent of the normal climatic 
change due to loss of relief from youth to old age. A study of 
such a region as the Great Salt Lake basin, or as the glaciated 
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district of northeastern America assures us that these accidents 
may succeed each other rapidly ; very rapidly compared to the 
rate of normal climatic change dependent on loss of relief from 
a constructional beginning to a destructional end. Volcanic acci- 
dents include the building of cones and the outpouring of lava 
flows Both the glacial and the volcanic accidents may occur at 
any stage of a cycle. They both in a way involve constructional 
processes ; both may be regarded as furnishing examples of new 
constructional forms ; but when looked at with respect to the 
surface on which these accidents are imposed, and with respect 
to the relatively brief endurance of the effects of the accidents, 
they are seen in their relatively subordinate character. When 
sheets of drift are heavily spread over a country of low relief, 
or when heavy lava floods cover and bury some antecedent topog- 
raphy, the accidents assume such proportions that they may be 
considered as revolutions, after which a new start is made in the 
processes of denudation. 

A cycle is interrupted when the land mass rises or sinks, or 
when it is warped, twisted, or broken. Like accidents, inter- 
ruptions may happen at any stage of development. It is then 
convenient to say that the destructional form attained in the 
first incomplete cycle shall be called the constructional form of 
the new cycle, into which the region enters, more or less tilted 
or deformed from its former shape. Assuming for the moment 
that the constructional process is so rapid that its duration may 
be neglected, it follows that in cases of simple vertical movement, 
up or down, the rivers and streams at once proceed to adapt their 
activities to the new conditions. They are shortened and be- 
trunked, if the interruption is a depression ; they are revived and 
extended if the interruption is an elevation. These two special 
conditions are illustrated by paper models. One model exhibits 
a rolling country, into which a branching bay enters ; a stream 
descending into the head of every branch of the bay. No flats 
occur at the head of the bays ; no cliffs are seen on the head- 
lands. Hence it is said, that on reaching maturity this country 
was depressed, and that the depression occurred very recently. 
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The numerical expression of this example would be 20, — , o : 
the minus sign not indicating subtraction, but merely signifying 
depression ; and the zero indicating that no advance has been 
yet made in the new cyle. Another model exhibits a broad, 
gently undulating upland, traversed by a very narrow canyon. 
This is interpreted to signify that an elevation occurred in the 
old age of the region, and that since then the streams have simply 
entered a new youth, incising young valleys in the uplifted 
peneplain. The formula of this example would be 60, -f » 3- 
Examples involving deformation of a land surface, and the 
accompanying possibility of antecedent streams, are more 
complicated, and cannot be here introduced. 

It is convenient to use the term, episode, for slight inter- 
ruptions, so as to express their relative unimportance. I have 
also attempted the use of the term, chapter, for an unfinished 
cycle ; but in talking with students this specialization of terms 
hardly seems necessary. Any region whose surface has been 
developed, partly with relation to one baselevel, and partly in 
relation to another ; that is, any form whose development has 
involved two or more incomplete cycles, is said to have a com- 
posite topography. Many examples of such forms are encoun- 
tered. 

Special features of second or later cycles. — It is interesting 
to notice that, in certain cases, the adolescent stages of a sec- 
ond or later cycle, following the elevation of a region well 
advanced in a previous cycle, present features that did not 
characterize its first adolescence. One case of this kind is seen 
in meandering river gorges. Young rivers in their first cycle 
may cut crooked gorges, but they then follow consequent 
courses, and these cannot manifest the close relation between 
volume and radius of curvature that is seen in true meanders. 
This relation is found only in oldish rivers, which develop sys- 
tematic meanders on their own flood plains. But if the region 
on which these rivers flow is introduced into a new cycle by 
uniform elevation, the rivers may cut down their meandering 
channels and produce meandering gorges. The Osage in Mis- 
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souri, 1 and the north branch of the Susquehanna in Pennsylvania ; 
the Seine in northwestern France, and the Moselle in western 
Germany, may be cited in illustration of this kind of occurrence. 

Another case in which a second adolescence is unlike the 
first is found in regions of tilted structure, where the strata are 
of diverse resistance, thus giving good opportunity for the devel- 
opment of subsequent streams. In the beginning of the first 
cycle there are no subsequent streams. All the drainage is con- 
structional (antecedent streams not being now considered). In 
adolescence, the drainage is chiefly consequent, although subse- 
quent side streams are then beginning to bud forth from the 
consequent streams. In past-mature stages, the subsequent 
streams may have acquired a considerable part of the drainage 
area. Now, if a region of this kind, with consequent and subse- 
quent drainage, is bodily elevated, all the streams are revived ; 
they all cut down new trenches toward the new baselevel. 
But in this case the revived subsequent streams begin the new 
work at the same time as the revived consequent streams, and 
they will go on rapidly in acquiring still more drainage area. 
Therefore, in the adolescence or maturity of the second cycle, 
the drainage area acquired by the subsequent streams will be 
proportionately large ; much larger than at the same stage of the 
first cycle. Much faith may be placed in this deduction. If the 
drainage of an adolescent region is largely subsequent, and but 
little consequent, the region may be regarded as almost certainly 
in a second cycle of development, after a first cycle of well- 
advanced age. 

Illustrative material. — One of the greatest difficulties in the 
way of teaching physical geography arises from the failure of 
the student to know what the teacher is talking about. The 
teacher may have traveled and observed extensively ; a large 
variety of geographical forms are in his memory, ready to be 
summoned by name when picturing the stages of the deductive 

1 It has been suggested to me by Mr. Arthur Winslow that the Osage has increased 
its original meanders in cutting down its gorge. The other rivers here mentioned 
seem to have done the same thing. 
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scheme ; but no amount of description suffices to place these 
mental pictures before the class. The best means of overcoming 
this difficulty is found in the use of the projecting lantern ; and 
now that the electric light may be used in projecting slides on 
the screen, and the room kept light enough for the class to take 
notes while the pictures are exhibited and explained, the only 
thing left to be desired is a good series of views, carefully 
selected to present typical examples of land forms in various 
stages of more or less complicated development. These views 
are not intended primarily to furnish localized examples of geo- 
graphical forms ; although, of course, they have much value in 
that direction. Their greater value comes from the vividness of 
the conceptions by which the different kinds of forms and differ- 
ent stages of development of the deductive scheme are held in 
the mind. The collection of slides that I now use includes a 
large variety of views ; although very useful, it is still imperfect. 
It should be extended by the addition of many views taken 
expressly to meet its needs ; for the photographs and slides com- 
monly to be had of dealers are as a rule taken with anything but 
geographical intention. As an indication of the character of 
illustrations used in a single lecture, I may mention the follow- 
ing examples, and add an outline of the comments made on 
them. 

When the general idea of a geographical cycle has been pre- 
sented, including the constructional forms with which it begins, 
and an outline of the destructional forms by which its develop- 
ment is characterized, the next lecture may be devoted almost 
entirely to illustrations. First, a few slides to show various 
constructional forms. Muir's Butte, a young volcanic cone in 
California, introduces a series ; it is practically unworn. Its 
growth was so rapid and so recent that no significant advance in 
its denudation has yet been accomplished. Mt. St. Elias comes 
second ; as described by Russell, it is a constructional form 
slightly altered ; an essentially young mountain mass. The 
considerable time required for accomplishment of so great a 
constructional work may have been enough for the slight dissec- 
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tion already seen on its surface. While the building of a vol- 
canic cone is spasmodic, almost instantaneous, the uplift of a 
great mountain is rather slow ; its uplift is brief only when com- 
pared to the duration of the destructive cycle on which it thereby 
enters. When first describing the cycle, it was implied that the 
destructive forces make no beginning until the constructional 
forces have completed their work. The view of St. Elias cor- 
rects that false idea. Several plains follow ; all dead level ; all 
ending in even sky lines. The Llano Estacado of Texas, the 
lava deserts of southern Idaho, the littoral plain of southern 
New Jersey, the lacustrine plain of the Red River of the North. 
The areas included in these views show no signs whatever of 
destructive processes ; the surfaces are essentially as flat as when 
they were born. A pair of drumlins in Boston harbor, and a glacial 
sand-plain in Newtonville, Mass., as represented in a model by 
Mr. Gulliver, 1 introduce examples of peculiar constructional 
forms ; and as the more intelligent members of the class soon 
point out, these might be as fairly included under a considera- 
tion of destructional processes as of constructional processes ; 
for they really belong among the "forms taken by the waste of 
the land on its way to the sea," under certain special conditions, 
and they will be reviewed in a later chapter of the course 
under that heading. The drumlins and the sand-plain may also 
be regarded merely as evidence of a glacial accident during the 
denudation of the New England plateau. 

Passing next to illustrations of young destructional forms, 
Mt. Shasta is exhibited, with great gulleys worn down its flanks. 
It is at once pointed out that these gulleys follow lines of con- 
structional slope ; that they began as the paths of constructional 
streams, defined by some accidental irregularity in the form of 
the volcanic cone ; and that they are now slightly advanced in 
their consequent growth. The Mancos canyon in Colorado illus- 
trates the beginning of the dissection of a plateau ; the conse- 
quent stream having here cut down a steep-sided consequent 
valley, but apparently not having yet graded its slope. A 

1 See this Journal, Vol. I., p. 801. 
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stream in Florida, hardly incised in the low coastal plain, illus- 
trates the faint relief permitted in surfaces that stand but little 
above their baselevel. The Colorado, in its canyon, is another 
example of an early stage of development, but it possesses an 
extreme intensity of relief because of the great altitude of its 
plateau ; not an old valley, but a precocious young valley ; not 
a vast work, except in our inappropriate human measures, but 
the good beginning of a vast work. The Elbe above Dresden 
offers illustration of a later stage than the three preceding ; it 
has the beginnings of a flood plain, now on one side, now on the 
other side of the river ; from which it is inferred that the deep- 
ening of the valley has practically ceased, that the river is 
graded, and that the slower process of valley widening is now 
the determining cause of topographic change. 

Views in the Jura mountains would serve as examples of 
adolescent forms, combining an interesting measure of conse- 
quent and subsequent features ; but I have not yet succeeded in 
finding any satisfactory photographs of this region. Features of 
maturity, more or less advanced, are found in the retreating 
escarpments of the middle Ohio valley 1 or of the central denuded 
region of Texas ; and again in the minutely carved ranges of the 
central Alps. For yet older stages, it is difficult to find exam- 
ples still in the cycle in which their old age was reached ; but 
the plain of the middle Wisconsin river and the plateau of the 
middle Rhine are ideally satisfactory illustrations of baseleveled 
surfaces, one being an old plateau, and the other an old moun- 
tain region ; although both have lately been brought into a new 
cycle by elevation, allowing their rivers to cut narrow trenches 
beneath their even surfaces. By selecting views in which only 
the plain surface is seen, these examples make appropriate clos- 
ing members of the series here described. At a later time, when 
the complications of the cycle are in discussion, other views 
showing the dells of Wisconsin and the gorge of the Rhine may 
be presented, thus giving a new meaning to old examples. 

1 Not the slopes of the young trench by which the Ohio now cuts across the Cincin- 
nati plain, but the escarpment enclosing the plain many miles back from the trench. 
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Systematic examination of facts. — While the deductive geo- 
graphical scheme is thus gradually extended, while its various 
elements are illustrated more or less completely by black- 
board diagrams, diagrammatic models, and lantern slides, 
an acquaintance with the facts of the subjects is gained at the 
same time chiefly through the laboratory work of the course. 
This is for the most part devoted to the examination of maps 
and many other illustrations of actual geographical forms, intro- 
duced systematically to represent the kinds of construction and 
the stages of development that may be compared with similar 
kinds and stages in the deductive scheme. I regard it as 
essential that the two sides of the work should advance together. 
The theoretical considerations of the deductive scheme and the 
inductive observation, description and generalization of the facts 
of nature continually react on each other to mutual advantage. 
They call different mental faculties into exercise. Neither one 
can be developed alone to the best advantage. It is true that 
the consideration of the two sides of the work at the same time 
leads to mental confusion on the part of untrained or careless 
students, but this does not seem to me unfortunate. It is, to be 
sure, rather disappointing for a young fellow to find in the mid- 
dle of the course that his neglect of its beginning has left him 
hopelessly behind his better prepared or more persevering com- 
rades ; but it is much more disappointing to see how often col- 
legiate instruction is degraded by allowing it to fall to the reach 
of students who do not know how or who do not care to know 
how to follow its proper quality. In work of the kind that I am 
describing, mental confusion soon overtakes those who are 
poorly trained for mental effort. I do not find that it makes 
much difference what subjects a student has been trained in, pro- 
vided that he is well trained. 

Laboratory work is an important element in the study, because 
there is otherwise no opportunity for deliberate and close obser- 
vation of geographical facts. Even if shown in the lectures, they 
cannot be clearly seen, and there is no time then for close study. 
No text book or atlas contains illustrations in sufficient variety 
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for collegiate work. But in the laboratory, numerous maps, 
views, or models may be exposed on walls, racks, or tables, 
remaining for a week together, and thus giving abundant 
time for deliberate examination. From week to week a change 
may be made in the materials, the group for each week corres- 
ponding to the group of problems then in hand. Many of the 
illustrations shown in the first week are repeatedly brought forth 
again later in the course, always gaining new meaning as sharper 
outsight and insight are directed to them. Many facts of inter- 
est concerning population and occupations may be brought for- 
ward in this connection ; but it is important that the geographical 
facts should first be clearly apprehended. 

In the reports that are made on this laboratory work, the 
students first describe the facts that they have observed, in terms 
that have no suggestion of explanation. They should not say 
that a certain region is a baselevelled surface ; but that it is a 
lowland of faint relief. They should not at first speak of old 
rivers revived into a second youth ; but they may say that the 
rivers of a certain region run in deep, narrow valleys below an 
upland of generally uniform altitude, above which occasional 
isolated hills rise to greater elevations. This I regard as 
extremely important, in order to ensure a careful observation of 
the facts in discussion ; for until the facts are clearly perceived 
they cannot be precisely explained. It is unsafe at first even to 
speak of the flat region at the mouth of a river as a delta. This 
term not only denotes the form of the surface but connotes an 
explanation ; and in the earlier weeks of the study it is by no 
means sure that the observer fully perceives all the facts of form 
that are denoted by the term, or that he fully appreciates all the 
features of the process that are connoted in its explanation. The 
outbranching of the distributaries near the river mouth as con- 
trasted with the inbranching of the tributaries (or contributaries, 
as they might be called), further up stream ; and the faintly con- 
vex form of the delta surface as contrasted with the concave 
form of the upper valley may not be clearly observed, unless they 
are concisely formulated in a description. The essentially bal- 
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anced relations of carrying power and load involved in the 
explanation of the growth of delta may not be perceived unless 
it is carefully discussed in making out the scheme of river devel- 
opment. There can be no thoroughness of work where obser- 
vation and explanation are slurred over or confused. After 
observation and description are well advanced, explanatory terms 
may be introduced ; it then being seen that such terms imply a 
pairing off of observed facts with the appropriate members of 
the deductive scheme. This mental process must become per- 
fectly conscious ; its several steps must be recognized in their 
proper relations. No strong grasp of the subject can be gained 
until the student sees clearly where every part of the work stands 
in relation to the whole. 

Topographical maps published by the U. S. governmental bureaus. — 
It is difficult to secure a full series of facts for laboratory study. 
My plan at present is to select maps from our own surveys and 
from the surveys of foreign countries, with little regard to local- 
ity, but with much regard to geographical features. The charts 
of our coast survey offer admirable illustrations of litoral forms. 
For example, the sand-bar cusps of Capes Hatteras, Fear, and 
Lookout, and their off-shore shoals, all formed between back-set 
eddy currents, rotating betwixt the Gulf stream and coast ; or the 
blunted Canaveral cusp on the Florida coast, and its southward 
migration from a former position ; or the fjords and islands of 
Maine ; the sounds of North Carolina ; the delta of the Missis- 
sippi, a geographical gem. 1 The maps of the Mississippi River 
Commission offer remarkable illustrations of the behavior of a 
large river on its alluvial plain. Its meanders, its cut-offs, and 
its ox-bow lakes are shown to perfection. The eight-sheet map 
of the alluvial basin of the Mississippi, prepared by this commis- 
sion, can be had for a merely nominal charge ; it exhibits the 
lower part of the great river in an admirable manner. It tells 
the curious story of streams that descend from the eastern bluffs, 

1 It is not generally enough known that the illustrated catalogue of the Coast Sur- 
vey Charts may be had free of charge on application by responsible persons to the 
Superintendent of the Survey in Washington. 
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but are unable to ascend across the flood plain to the Mississippi ; 
they therefore unite and form the Yazoo river which runs south- 
ward along the eastern margin of the flood plain, near the foot 
of the bluffs. It would have to pursue an independent course all 
the way to the Gulf, were it not that the Mississippi comes 
swinging across the plain, and picks up the Yazoo at Vicksburg. 
But it is the topographical sheets of the U. S. Geological 
Survey that afford the greatest variety of illustrative material 
for this country ; and it is not too much to say that the facts 
they present create a revolution in the student's knowledge of 
his home geography. We may well wish that they were more 
accurate, but, with all their imperfections, they present a great 
body of new information. Under the family of plains there are 
examples of low litoral plains in New Jersey and Florida, the 
latter being so young that the constructional lakes are not yet 
drained. The moderate advance in denudation of an upland — 
itself an old lowland of denudation — is seen in the meandering 
gorge of the Osage in central Missouri ; the relatively uncut 
plateaus of Arizona are seen alongside of the beginning of their 
denudation in the grand canyon of the Colorado. Maturely dis- 
sected plateaus are found in West Virginia and eastern Kentucky ; 
in northern Alabama and northern Arkansas ; but the first two are 
of minute topographic texture ; the second two are of coarser 
forms. Outliers of past-mature plateaus are shown on several 
sheets in central Texas. All manner of other illustrations are 
found in the same series of maps. The thoroughly adjusted 
streams of the Pennsylvania Appalachians ; the superimposed 
streams of northern New Jersey ; the Illinois river, the type of a 
medium-sized river in the abandoned channel of a large river ; 
this being the only well-mapped example of the kind in this 
country ; the warped intermontane valleys of Montana ; Crater 
Lake in northern California ; glacial lakes in Massachusetts ; 
flood plains slanting away from their river in Louisiana ; fiords 
in Connecticut ; moraines in Rhode Island ; drumlins in Wiscon- 
sin ; trap ridges in New Jersey ; revived old mountains in North 
Carolina ; half-buried mountains in Utah and Nevada. Every 
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new package of these maps brings some new illustration, which 
is put in use as soon as opportunity allows. One of the latest is 
a peculiar case in Southern California : a number of small rivers 
are here seen running down from the Coast range to the shore of 
the Pacific ; but their mouths are all shut up by sand-bars in the 
most summary manner ! A curious trick for a Pacific ocean to 
play on some trifling little streams that one would think were 
beneath its notice. 

These maps are simply indispensable. They call forth much 
interest from the class. At first hardly translatable into words, 
their meaning grows plainer and plainer, until at the close of 
the course they are as suggestive as they were uncommunicative 
at the beginning. 

Foreign topographical maps. — Not less valuable and far more 
accurate than our own topographical sheets are those of various 
foreign topographical surveys. Unfortunately the relief in most 
of these is expressed by hachures ; altitudes being given only for 
occasional points, or by widely separated contour lines ; but the 
general expression of the surface is certainly admirably rendered 
in many of the surveys. The older maps are generally too 
heavily burdened with hachures ; but the more modern surveys 
are very artistically executed. It has been my practice for 
several years past to select certain groups of sheets from the sets 
of foreign topographical maps in our college library, and order 
extra copies of these groups, mount them on cloth and rollers, 
and thus prepare them for the most convenient use in the labora- 
tory. Both the library and laboratory collections of this kind 
are increasing year by year, and I shall soon prepare a special 
account of the grouped sheets, in the hope that others may per- 
ceive their great value and introduce them as teaching materials 
as far as possible. Without specifying all that have been thus 
far secured, I may briefly mention some of the more interesting 
examples. 

From the Army Staff map of France (i : 80,000) there is a 
group of sheets showing the level plain of the Landes, with its 
exceptionally straight shore line and its wide belt of litoral sand 
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dunes ; the beautiful group of radial rivers, flowing down the 
slopes of a great alluvial fan that has been formed where several 
large rivers emerge from the Pyrenees, this being one of the best 
examples of a simple consequent river-grouping that I have 
found ; the plateau of the lower Seine, an old upland of denuda- 
tion, with an excellent meandering river gorge of moderate depth 
cut through it, together with certain interesting features of young 
branching river valleys, and of rivers that have been shortened 
by the encroachments of the sea in cutting away the land. To 
these I intend shortly to add groups of sheets showing the dis- 
sected escarpment west of Rheims and Chalons, with its beauti- 
fully adjusted rivers, the delta of the Rhone, and the fiorded 
coast of Brittany. 

From the Ordnance Survey of Great Britain (i : 63,360) one 
set of sheets includes the central Highlands of Scotland, with 
the Great Glen and Glen Roy ; two other sets include the fiords 
and islands of the southwestern and the northwestern coasts. 
These three sets agree in showing an old peneplain of denudation, 
then elevated and maturely dissected, and now somewhat depres- 
sed, with cliffs nipped on its land heads and deltas laid in its bay 
heads. Their formula, according to the plan already suggested, 
would be 75, + 25, — 2. A glacial accident of late date is 
recorded by the upland tarns and the valley lakes. A group of 
sheets for southwestern Ireland exhibits bold mountain ranges 
running directly into the sea, forming a strongly serrated coast. 
The English sheets are of older date and are not of particularly 
good expression, and for this reason I have not yet ordered any 
of them ; although the ragged escarpment of the chalk and of 
the oolite trending northeast on either side of Oxford should be 
represented ; and the Weald offers excellent illustration of well 
adjusted consequent and subsequent rivers on an unroofed dome 
of Cretaceous strata. 

The map of the German Empire (1 : 100,000) supplies many 
examples of striking features. The plateau of the Middle Rhine 
has already been mentioned as a subject for lantern slides ; it is 
represented in two map-groups, one of which shows the tranverse 
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gorge of the Rhine ; the other includes the meandering gorge 
of the Moselle, with a perfect showing of its abandoned cut-offs 
among the hills. The flood plain of the Rhine about Mannheim 
exhibits the former meanders and the present controlled course 
of the river, foreshadowing the future control of the Mississippi ; 
the morainic country of Prussia is a medley of hills and hollows ; 
the Vistula turns sharply at its Bromberg elbow from the valley 
that it once followed, but which it now abandons to the little 
Netze ; long curving sand bars form the two enclosed bays of 
eastern Prussia (the Frische and Kurische Haffe). From Nor- 
way (1 : 100,000), the district of the Christiania fiord is already 
received in ten sheets of most delicate execution ; the greater 
fiords of the western coast will be ordered as soon as fully pub- 
lished. From Russia (1 1400,000), the lakes of Finland, and of 
the lower Danube. From Austria, a portion of the flood plain of 
the Danube, and a strip of the fiorded coast of the northern 
Adriatic. This is only a beginning of what I hope the collection 
may be in a few years. 

I cannot speak too highly of the educative quality of these 
grouped sheets. It is, in the first place, a good thing for students 
to inspect, as closely as they may in laboratory work of this 
kind, the very best products of geographical art. Their ideals 
are thus raised above the commonplace level. Whatever they 
afterwards see will be compared with a high standard. A feeling 
of dissatisfaction will arise regarding the very inferior maps of 
their home states, to which they have been inured, and from this 
a demand will grow for the continuation and improvement of the 
mapping of our country that is now going on. In the second 
place, the facts of the subject are placed before the student 
so closely that he cannot fail to be impressed at once with their 
real features ; and these he will find so numerous and so varied 
that he will perceive the need of serious study for their appre- 
hension. No verbal descriptions from the teacher suffice to 
replace the portrayal of geographical relief on good maps. 

Classification of constructional forms. — It is only after the 
deductive scheme is well advanced, and after many examples of 
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facts have been correlated with it, that I introduce a classifica- 
tion of constructional forms. Some such classification is essen- 
tial, but it is difficult to establish satisfactorily, because of the 
endless variety of structures found in nature. At present in the 
elementary course I recognize only plains and plateaus of hori- 
zontal strata ; mountains of disordered strata, with many minor 
subdivisions ; and in a subordinate way, volcanic cones and flows, 
and glacial hills and moraines. Like the more difficult orders of 
plants in an elementary course on Botany, mountains must be 
treated briefly in an elementary course on Physical Geography, 
and their fuller treatment left for more advanced study. After 
the various kinds of constructional forms are treated, it is advis- 
able to review the features of rivers, with their divides, lakes, water- 
falls, flood plains, and deltas ; and in this connection a week or 
two may be given to the forms assumed by the waste of the 
land on the way to the sea. The distribution of different kinds 
of forms should be briefly given with their classification. 



When thus developed, Physical Geography may worthily 
claim the dignity of a University study. Its subject matter is 
of importance in itself, as well as in its relations to geology, 
zoology and botany, or to history and economics. Its methods 
are of value in training various mental faculties : observation, 
description, generalization ; imagination, comparison, discrim- 
ination ; these are all cultivated to a high degree in the student 
who successfully utilizes the opportunities of the course. 

Two other aspects of the subject may be briefly considered. 

Areal geography. — The study of the fauna and flora of a region 
or of a continent requires the examination of all of its animals 
and plants according to some acceptable scheme of classification. 
The study of the areal geology of a region involves the exami- 
nation of its formations in their order of local occurrence, but 
also with regard to the general, world-wide scheme of geological 
classification. In the same way, the study of the areal geog- 
raphy of a country or of the world calls for the recognition of the 
parts that compose the whole, of their location and area, and of 
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their classification according to some rational and comprehensive 
scheme. Geographical descriptions now current are very defect- 
ive in the latter respect. They are for the most part empirical ; 
and like empirical descriptions generally, they are short-sighted 
or blind. One of the difficulties in the way of improvement lies 
in the need of geological data ; for without sufficient information 
as to geological structure and history, no satisfactory geo- 
graphical description can be written. It might from this be 
inferred that, where the geology of a region had been deciphered, 
the geologist could give an account of its geography as well ; but 
judging by the existing condition of these two branches of earth- 
science, such is not the case. A great part of the facts that are 
essential to the geologist are not needed by the geographer. 
Many considerations that are important to the geographer receive 
little attention from the geologist. Each is fully occupied in his 
own special field. Advance in the study of areal geography, 
therefore, calls first for proficiency in systematic geography, next 
for a knowledge of general geology and of the local geology 
of the region to be studied, and finally a special geographical 
examination of the region. With such a preparation, a course 
might be planned on the physical geography of Europe, or of 
the United States ; and either course might occupy half a year 
or a year very profitably. Most of the examples already intro- 
duced in the elementary systematic course would here be found 
again, and many others with them, until the whole area of the 
country was covered. 

Geographical investigation by the state surveys. — The chief diffi- 
culty in planning such a course is the scarcity of good geo- 
graphical material ; but, on the other hand, one of the chief inter- 
ests in geography comes from the opportunities that it offers for 
new investigations. When we inquire into the generally impov- 
erished condition of geographical teaching in our schools, the 
main difficulty is undoubtedly to be found in the deficiency of 
good geographical literature, both in text books and in collateral 
reading, ready for teachers' use. Consider the case of Ohio, for 
example. Where shall the inquiring teacher in that state turn 
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for a rational account of its physical features, presented in the 
light of modern research ? No such account exists. The 
Empire state is no better off ; perhaps not so well. In both these 
states, as in all others, local physical geography is a most 
attractive field. It is through this field that the scholars should 
be led out to see the rest of the world ; yet the teachers have 
not sufficient means of presenting the facts of the subject to their 
classes. To most persons the facts of our home geography are 
really unknown. A few investigators, mostly members of geo- 
logical surveys, possess a more or less intimate personal knowl- 
edge of their states ; but it is too often stored only in their 
minds, and there remains inaccessible to others, unless by per- 
sonal interview. It is indeed rather curious that the state geo- 
logical surveys have not before now undertaken systematic 
geographical descriptions of their areas ; much more extended 
than the too brief chapters with which the serious geological 
descriptions are often prefaced. The geographical descriptions 
will never be well done until they are made the work of well 
trained specialists, whose first attention is directed to this sub- 
ject. The stratigrapher, the petrographer, and the paleontolo- 
gist are too fully occupied with their own studies to undertake 
geographical studies at the same time, even if they had the proper 
preparation for doing so. The effort at double investigation is 
seldom successful. In the present stage of study it is more 
economical to give each investigator a single problem over a 
whole state, than to assign to one person all the problems of a 
limited district. 

It does not seem improbable that in the near future a number 
of our state surveys may undertake studies in this neglected field, 
and thus furnish to a new class of readers a fund of material for 
which they have long been waiting. The teachers of a state will 
welcome geographical chapters in the annual reports of their 
survey on the physical features of their home district. The 
surveys will certainly welcome the new support and interest that 
will thus be awakened in their work. The geographical chapters 
may for a time have to be prefaced with introductions, after the 
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style of those geological synopses by which many of our state 
reports are opened. The accounts of a certain group of geo- 
graphical features should always involve the comparison of local 
examples with those from other regions, much as the paleontolo- 
gist or the petrographer makes his comparisons of home and 
foreign examples of fossils or rocks. The chapters must be 
written in simple style, for many teachers must use them as ref- 
erence books. They must be well illustrated, for most teachers 
will have no other pictures of their home district, however well 
they may be supplied with views of foreign countries. They 
must, above all, be prepared in accordance with a well considered 
geographical system. The chapters should not be so long as to 
fatigue or repel, but rather so short as to awaken an appetite for 
more reading of the same kind. They should be published not 
only in the usual annual reports, but also as separate pamphlets 
for distribution to all schools through the state superintendent 
of public instruction. Studies of this kind promise to offer 
most attractive subjects for geographical investigation for many 
years to come. 

There is another and quite different direction in which good 
work should be done by the trained geographer. That is in the 
preparation of maps and illustrations for school books. It is 
manifest enough in examining the maps now in use that they 
have been drawn by draftsmen, not by geographers. Their lines 
show no sufficient knowledge of the facts that should be repre- 
sented. They are simply copies of other maps, with no sufficient 
expression of meaning. The relief of the land is generally so 
poorly represented on school maps that no criticism of its execu- 
tion will make it right ; it must be done over again. The out- 
lines of coasts and the courses of rivers are often merely carica- 
tures of the facts. The meaningless irregular curves of Cape 
Cod and of the Carolina coast offer amusing illustrations of this 
in many a school geography. The student of geography, who 
prepares for his work by a good foundation in geology, who car- 
ries his geographical studies to the point of original investiga- 
tion in different parts of the country, and who has a happy 
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facility in drawing and, if possible in modeling also, may rest 
assured of a busy future after his apprenticeship. His services 
will be in demand by more than one publisher as soon as his 
work is known. 

W. M. Davis. 

Harvard University, December, 1893. 



